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N AND PURIFICATION METHODS, 12(2) ,  119-141 (1983) 

I O N  OF THE RARE PLAlINM GROUP ELEhENTS (Rh, I r , P u ,  0s) 
T I O N  WITH SCLVATING n-DONOR LlGANDS AND POLYMERS, IN THE 

THIOCYANATE SYS'IW. 

Abraham karshausky [ 1,23 
Department of Organic Chemistry 

eizmann I n s t i t u t e  of Sc ience ,  Rehovot 76100, I s r a e l .  

Bparation of t h e  secondary PGM (Rh, Ir, Ru, 0s) complexes 

d e  media is v e r y  d i f f i c u l t  due t o  t h e  existence of  t h e  

s i n  v a r i o u s  chemical  ccmplexes forms. The formation of  

g e r  t h i o c y a n a t e  ccdPClek€!s a l l o w s  a much more consistent 

n behaviour .  The e x t r a c t i o n  c f  t h e  PGM t h i o c y a n a t e  

by n-donor s o l v a t i n g  l i g a n d s  and polymers, such as hIBK, 

and Amberl i te  XAD-7 (a  m e t h a c r y l a t e  t y p e  polymeric 

) was s t u d i e d .  The scheme presented  is based on t h e  

n of Ru/Os by s e l e c t i v e  d i s t i l l a t i o n  frcm t h i o u r e a  

fol lowed by formation of t h e  t h i o c y a n a t e  complexes of  

ual  e lements .  The PGM t h i o c y a n a t e s  a r e  passed on XAD-7, 

ooves Pd, P t ,  and then Rh is separa ted  from lr by 

Q with  [Alamine-?36] HSCN. The m e t a l s  a r e  recovered from 

yanate s o l u t i o n s  by p r e c i p i t a t i o n  a s  s u l f i d e s .  

i!&.uQn 
paper is a c o n t i n u a t i o n  i n  l i ne  with t h r e e  prev ious  

~ 3 s ~ ~  d e s c r i b i n g  modern concepts  f o r  t h e  s e p a r a t i o n  of  

119 

1983 by Marwl Dekker, h. 
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120 WARSHAWSKY 

plotinun group metals (PGM). In t h e  above papers, the  p r inc ip l e  

poin ts  i n  t h e  separation scheme are: 

( 1 )  The concentration of the  PGH group metal ions and removal 

from the  b u l k  t r a n s i t i o n  metal elements b y  s e l e c t i v e  

absorption on isothiouroniun anion exchange res in  . 3 

( 2 )  Elution by thiourea and conversion of the PGM canplexes b y  

oxida t ive  hydrolysis back i n t o  PGP chloro canplexes. 

( 3 )  A hydrolytic conditioning s t ep ,  maintaining Pd , P t  end Au 

a s  anionic chloro cmplexes ,  and Rh,Ir ,Ru,Os (designated 

as secondary PGM) a s  m i x e d  aqua-cbloro ccnlplexes. 

(4) Separation of t h e  primary P G M  ( P d , P t )  by ion-pair 

ex t rac t ion  i n t o  t e r i e r y  amlne solvent,  r e j ec t ing  the 

secondary E M  (Rh,Ir ,Ru,Os)  and base metal ions in t h e  

aqueous streun. 

( 5 )  Separation of pletinun f ran  palladiun by s e l e c t i v e  

s t r i  ppi ng w i t h  s u l  fur-containing 1 igand s: thiour ea for  

palladlun and thiocyanate for  platinun. 

I n  continuation of t h a t  point the  present paper discusses: 

( A )  Preconcentration of the secondary PGM by  various methods, 

(I?) Test wrk on several separation schemes, including l iquid- 

l i q u i d  ex t rac t ion ,  ion exchange and d i s t i l l a t i o n .  

2. Concentration Methods 

Three a l t e rna t ive  concentration techniques were investigated: 

(a) absorption on Wonivex res in  3 , 

(b) p rec ip i ta t ion  a s  su l f ides ,  

(c) reduction b y  hydrezine. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
5
8
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



h R J 3  PLATINUM GROUP ELEMENTS 121 

The prec ip i ta t ion  w i t h  sodiun s u l f i d e  ( see  Table 1 )  is f a s t ,  

quan t i t a t ive ,  and allows rapid conversion to the chloro canplexes 

( see  Experimmrrtal). The absorption on Ponivex resin I s  a more 

se l ec t ive  concentration method, b u t  requi res  longer time, and 

produces a thiourea e lua te .  

3. D i s t i l l a t i o n  of R u 0 4  and 0 ~ 0 ~  

Exanination of pH-potential equl l lbr iun  diagrams6 f o r  the 

systems Ru-Ru04 and 0s-Os04 i n  water a t  25OC, shows tha t  i n  the 

presence of C12 as an oxidant (E0=-1.36V), Ru04 can be d i s t i l l e d  

E t  the pH values between 1.5-12, while Os04 be d i s t i l l e d  a t  pH 

values between (-1 1 and 10.5. The d i s t i l l a t i o n  experiments 

presented in Table 2 show t h a t  both Ru04 and OsO,, can be d i s t i l l e d  

f ran  thiourea so lu t ions  (1.e. e l u a t e  from anion exchange) or fian 

a s u l f i d e  preclpi t a t e  (Tnble 2c).  Se lec t ive  d i s t i l l r t i o n  of Os04 

(and separation fran Ru04) I s  achieved when the pH i s  maintained 

below 1.5, preferably between 0.1-0.5 M HC1.  

- 

4. Extraction of Rh,Ir ,Ru and 0s frotr hydrochloric acid by 

Alemine-336 & s o l v e s s ~ l 5 0 .  

4 . 1 .  F r o m  synthe t ic  so lu t ions .  Synthetic so lu t ions  were prepared 

by sealed-tube ch lor ina t ion  of t h e  i n d ~ v i d u a l  meta ls  i n  t h e  

presence of sodiun chloride.  Under the above conditions,  the  

anionic hexachloro canplexes of the secondary FGM a r e  predminant.  

Under these conditions,  I r i d i u n  and Cmiun a r e  w e l l  ex t rac ted ,  In  

cont ras t  t o  rutheniun and rhodiun, which a r e  poorly extracted 

(Table 3 ) .  Following t h e  ex t rac t ion  from individual metal ion 
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122 WARSHAWSKY 

TABLE I .  

Precipitation’.by Na2S a t  pH=10 
(metal concentrations in  p.p.m.) 

P t  Pd Rh I r  Ru 

Before precip. 50-100 5-50 100-200 10-50 50-200 
After precip. 0,08 0,Ol 0,Ol *1,0 0,08 

TABLE I1 

Dist i l la t ion of RuO4 and Os04 

CONCENTRATIW I N  SOLUTION CONCENTRATION 
No. MEDZA METAL (p .p.m.) after time (min) I N  COLLECTOR 

(p .p. m.  1 0 30 120 150 210 

A 1.5% Thiourea Ru 290 - 40 6 
PH-3-6 0 s  980 0 0 0  

B 1.5% Thiourea Ru 1140 1140 
pH=l .5 0s 1000 0 

* 5  
9 80 

Sulfide 

pH=&*2.5 
C concentrate Ru 240 24 8 

solutions,  experiments i n  extraction from ion mixtures were 

conducted end are shown i n  Table 4. I n  these experiments the 

tat10 of aqueous-to-organic phase volunes were varied i n  order to 

determine the meximun loeding capacity of the  wlvent.  

I n  8 conclusive counter-current separation experiment , i n  

which an organic solvent consisting of 5 1  Alanine-336 i n  

solvesso-150 end containing 5000 mg/ l i t  Ir(IV) and 25 mg/lit Ru 

(111) was contacted with 4l4 HC1, which scrubbed out eff ic ient ly  
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124 WARSHAWSKY 

TABLE I V  

Maximum loading of ir idium, ruthenium and rhodium 
by 5% Alamine -336 i n  solvesso -150 

from hydrochloric acid (0.1 M) . 

IRIDIUM, g/k RUTHENIUM, g/9, RHODIUM, g/9, 
AT EQUILIBRIUM AT EQUILIBRIUM AT EQUZLIBRIUM 

Phase 
Ratio A O(l) W/A A O(l) Do/A A o ( l )  DQ/A 

2 /1  0 0,410 0,54 0,156 2.88 0,110 0,082 0.74 

3/1 0 0 , 590 0,0775 0,156 2.0 0,121 0,090 0.74 

4/1 0 0 , 800 0,086 0,156 1.80 0,125 0,104 0.83 

5/1 0 0,980 0,092 0,160 1.72 0,126 0.125 0.99 

6/1 0 1 , 200 0,100 0,160 1.58 0,126 0,150 1.19 

8/1 0 2.00 0,134 0,160 1.19 0,134 0,170 1.26 

10/1 0 2 , O O  0,134 0,160 1.19 0,134 0,170 1.26 

S t r a t ing  solut ion ( g / 9 , ) :  Ir. 0,195; Ru. 0,230; Rh. 0,151 
(1) Calculated by difference from aqueous phase. 
A= Aqueous phase 0s Organic phase 

the Ru (111). leeving an organic s t r e m  of 99.9% pure Ir(IV) (see 

Experimental). 

4.2. ern PGP-Pilot p l a n t  solut ions,  The extraction r e s u l t s  

presented i n  s ec t .  4.1, were Fromising enough t o  attempt a 

separation of the sec. PGM i n  real  solutions.  Those were provided 

from the aqueous-redect strean from the l iquid-liquid extrection 

p i l o t   lent^'^. The his tory of those solut ions included an 

oxidative hydrolysis (conditioning) step.  The r e s u l t s  o f  a 

counter current extraction experiment on such a solution 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
5
8
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



RARE PLATINUM GROUP ELEMENTS 125 

containing ( i n  m g / l i t )  I r  -126, Ru -166 m d  Rh -150 i n  the  sme 

ext rac t ion  system are  presented i n  Table 5. The r e s u l t s  i nd ica t e  

a principal d i f fe rence  i n  the behaviour of  synthe t ic  and p i l o t  

p lan t  so lu t ions .  The l a t t e r  incorporate the  metal ions i n  various 

chemical forms, some ext rac tab le ,  o the r s  not.  Consequently, the  

conclusion is t h a t  the d i l u t e  r e j e c t  so lu t ions  f r m  t h e  primary 

PGM p i l o t  cmno t  be separated h y  ex t rac t ion  with t e r t i e r y  

m i n e s  i n  the chloride sys t em.  

Next, t he  ex t rac t ion  behaviour of  a feed solution obtained by 

d isso lu t ion  of e concentrate ( see  sec t .  2 )  i n  C12/5H HCI was 

t r i e d .  I n  Table 6 ,  t h e  metal concentrations,  a f t e r  several  

consecutive steps o f  contac t  w i t h  5% Alemine-336 i n  solvesso-150 

a r e  given, t he  ex t rac t ion  behaviour of  each e lanent  is yet again 

d i f f e ren t .  Hydrazine Concentrates ( s e e  Table 6 )  yield so lu t ions  

which contain Ir and Ru 6s two spec ies ,  w i t h  d i s t i n c t l y  d i f f e r e n t  

ex t rac t ion  behavlour. Sul f ide  concentrates ( see  Table 6 )  yield 

so lu t ions  contajning Ir as a non-extractable spec ies ,  while Ru is 

mostly ex t rac tab le .  I n  bo t t  cases, Rh i s  primarily non- 

ex t r ac t ab le ,  

I n  conclusion, t he  ex t rac t ion  s tud ie s  on synthe t ic  so lu t ions  

of t h e  secondary F'GM i n  chloride media have revealed t h a t  the  

ex t rac t ion  behaviour is primarily dependent on the sample h i s to ry ,  

and i t  is very d i f f i c u l t  t o  maintain a homogenous chemical 

c a n p s i t i o n  i n  the ch lor ide  media. Logically,  t h i s  suggests t h a t  

f o r  t ha t  purpose a stronger ligand should be introduced. Sections 

6 snd 7 describe attempts i n  t h a t  d i r ec t ion .  
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TABLE V 
Countercurrent separation of t h e  aqueous 

product f r o m  p i l o t  plant  solution* 

CONCENTRATION AT EQUILIBRIUM, p.p.m. 
METAL CELL 1 CELL 2 CELL 3 

Aqu. Org. Aqu. Org. Aqu. Org. 

Ir 19,o 0 24.0 7,s 30 110,4 

Ru 12,O 11 ,2  22 ,2  42 ,s  54,4 192 

Rh 145 40 160 40 16,s  21 ,2  

* f i v e  times concentrated i n  5 M HC1. 

A = aqueous compartment; 
A / O  = 1:l Organic phase: 5% alamine-336/solvesso 150 

0 - organic compartment 

TABLE V I  
Extraction from a p i  l o t  -plant so 1ut ion a f t e r  concentrat ion 

by hydrazine reduction or sulphide precipi ta t ion* 

CONCENTRATION I N  AQUEOUS SOLUTION, p.p.m. 

METAL Before After After After After After 
extn 1 extn. 2 extns 3 extns 4 extns 5 extns 

HYDRA2 INE PRECIPITATION 

Ir 970 305 305 305 

Ru 762,s 562 , 5 5 72 512,s 

Rh 1 450 1 368 1 337 1 312 

SULPHIDE PRECIPITATION 

Ir 78,3 78,2 78,2 78,3 77,3 76,8 

Ru 383, z 99,2 87,s 82,s 75,O 70,O 

Rh 598,3 583,3 566,6 566,6 566,6 568,8 

P t  460,7 19,3 7,3 4,7 0 0 

Pd 10,3 1,7 0 0 0 0 

* Redissolved i n  C12/  5 M HC1. 
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RARE PLATINUM GROUP ELEMENTS 127 

5. Extraction o f  R h ,  Ir  and R u  fro! perchloric solutions. 

The distribution of the Secondary EM between solutions of 

perchloric acid and 5% Alanin+336 i n  solvesso-150 was determined 

and is reported i n  Table 7 .  The stripplng is a non-rev,ersible 

reaction, as  indicated by the large D values for  14M Hclo,,, 
and the corresponding low Do,* values for the re-extraction 

reaction. Consequently, perchloric acid can be used for effect ive 

stripping of the metal ions fran the organic phase, b u t  not as a 

separating mediumin counter-current extrectlon experlments. 

A/O 

6. Liquid-liquid Extraction f Thiocyanate Complexes. 

The extraction of thiocyanate canplexes of platinun and 

palladiun by Alanine-336 has been r e p ~ r t e d " ~ .  There, the 

differences i n  the r a t e  of formation of the thlocyanate canplexes 

a t  roan tempereture were used to  effect  8 separation between Pt 

and Pd. It was also detennlned that the formation of the 

thiocyanate canplexes of the secondary PGM required reaction with 

NaSCN a t  elevated temperature for 2-5 hours (see Table 8 ) .  The 

extraction of anionic tbiocyanate canplexes of the F'GM byW-donor 

type extractants are  presented i n  Table 8. 

The order of extraction wi th  Almine-336, tributylphosphate 

(TBP) and lsobutylmethylketone ( M I B K )  is: 

Alamfne 336 > TBP > M I B K  

Teriary amines are  good extractants for the whole group of PGM 

thiocyanates, except Ir ,  while phosphoric acid es te rs  (TBP) show a 

distinction between Ru, 0s and Rh and Ir. M I B K  shows not only a 

moderate extraction ab i l i ty ,  b u t  also poor phase separation 
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128 WARsliAWsKY 

TABLE VII 

Distribution coefficients fo r  the system 
HC104 - 5% Alamine -336 i n  solvesso -150 (phase r a t io  1 : l )  

HC104 IRIDIUM RUTHENIUM RHODIUM 
(M) DA/O* b/A** *'&{Ow %/A** DA/O* Doid* 
O D 1  0 - 0.3 '1.54 0.26 0 

on2 0.016 2.25 0.59 0.11 0.53 0 

0,s 0.031 0.87 2.5 0 0.65 0 

l , o  15.5 0.83 0 0.88 0 

2 D O  0 0 0.94 0 

4,0 0 0 0.84 0 

* Back extraction from organic phase containing (p.p.m.1 Ir -155 

** Reextraction from HC104 solutions containing (p.p.m.) Ir -160 
RU -140 and Rh -34 

Ru -140 and Rh -16 

properties. As we learnt  In the chloride system, the single 

extractlon experiments are insufficient,  and counter-current 

extraction experiments ere needed to prove that  the formetion of 

t h e  thiocyanete canplexes is canplete, and that  their  extraction 

beheviour I s  consistent with tha t  of a single species. 

The counter-current. extraction experiments, i n  the systems 52 

Almine-336 / 22 isodeconal / salvesao-150 against 2M NsSCN, have 

demonstrated that  Rh and Ru can be separated frcm Ir (Exp. A., 

Table 9 ) .  However, the h igh  ecldity of the aqueous solution i n  

tha t  experiment (2H H C l )  caused the decomposition of thiocyanate 

and the deposition of f ine sulfur par t ic les  which ln l t i r ted  the 

formation of crud. This was corrected In experiment B ( p H 4 1 ,  and 
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TABLE I X  

Countercurrent separation of the thiocyanates of 
Rhodium, Ruthenium and Iridium i n  2 M HCL (experiment A) 

CONCENTRATION (p.p.m.1 I N  CELL NO: 
FEED 1 2 3 4 

(p*p*m.) A 0 A O A O A O  
METAL 

~ 

Ir 220 153 28.0 163 32.4 20 26.4 18 24.8 
Rh 1563 49 420 335 1484 95 1324 54 932 
Ru 159 2.5 78.5 25 208 ND 176 ND 161 

A = aqueous compartment; 0 = organic compartment; ND = not 
detected 

consequently, good separetion between rhodiun end i r i d i u  was 

achieved (Table 10) (see cxperlmental part for  the purity of the 

separated metals). 

7. Absorption o f  PGK-thiocyanetes 0" Polymeric lieand8 w l t h  

Oxygen donors. 

The l i q u i d - l i q u i d  extraction reaul ts for the PGH-thiocysnste 

canplexes and IT-donor extrectants presented i n  Table 8 ,  suggested 

tha t  many simple polymeric ligends could be used as separating 

media for the PCM-thiocyanate canplexes. The anell extraction 

coeffloients recorded for an oxygen donor, such  as MIBK, w i l l  be 

m u l t i p l i e d  several times on a chrcmnetogrephic colunn. In order to 

demonstrate t h i s  e f fec t ,  we have selected Amberllte XAD-7, a 

mecroporous, polymeric absorbent. This polyecrylate type 

polymer, contains -C02R type donors, similar to MIBK - has been 

shown7 t o  absorb exclusively AuCl; anions, y e t  the mechanlan of 

the absorption waa not specified. The absorption properties of 
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TABLE XI 

Absorption of PGM thiocyanate 

complexes on amberli te XAD-7 

SOLUTION RESIN METAL ELUTION REGENERAT ION 

METAL VOLUME CONC. VOLUME ABSORBED ELUENT METAL ACETONE/HCk 
ELUTED 

(B.V.) p .p.m. (mll (mg) (2 B.V.) (mg) (mg) 

Pd 25 634 20 31 7 0.2% 31 2 3.2 

P t  5 2140 20 214 H20, 8OoC 193 

Au 7 192 20 20 0.2% 4.0 7.6 
Thiourea 

Ru 5 140 20 14 0 . 2 %  not  
Thiourea e lu t ed  

I r  2 . 5  200 20 5.6 H20, 2OoC 5.6 

Rh 2 200 20 6 H20, 2OoC 6.4 
~ 

B.V.  = Bed volumes 

Amberlite XAD-7 f o r  the l n d l v l d u s l  FGM Ions ( a s  thiocyanate 

canplexes) i n  d i l u t e  so lu t ions ,  were studied and a re  sunmarlsed I n  

Table 11. Obviously, [Pd(SCN),, I*-, [Pt(SCN),12-, [Au(SCN),, 1- and 

[ R u ( S C N ) ~ ] ~ -  a re  absorbed more strongly t h m  [Rh(SCN)6]3- and 

[Ir(SCNl6 1 3 - ,  lndloeting tha t  s t & ~ i I  l za t lon  of higher anionic 

charges and a l so  s t e r i c  f ac to r s  a r e  Important f ac to r s  I n  

determining the ebsorption coe f f i c i en t s .  

Elnce our m a i n  In t e re s t  I n  t h i s  work i s  d i rec ted  t o  the 

separation of secondsry PGM, a more conclusive experiment i n  which 
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RARE PLATINUM GROUP ELmWl’S 133 

TABLE XI1 
Separation of PGM thiccyanates on XAD-7 column 

SOLLIT1 ON METAL RECOVERED I N  VARIOUS STEPS (me) 

OUTFLOW 1 M HCP, WATER Ca2/H20 
(p.p.m) (mg) WASH ELUTION REGENERATION 

P t  11.6 23.2 < D . L .  <D.L.  <D.L.  <D.L. 

Pd 1 .7  3.4 < D . L .  <D.L.  <D.L. <D.L.  

Ru 29.4 58.8  <D.L. < D . L .  <D.L. 20 

Ir 500 1000 7 24 78.3 193 41 

Rh 500 100 <D.L. < D . L .  610 317.5 

<D.L. = l e s s  than de tec t ion  l i m i t  

t h e  l n l t l a l  so lu t ion  was adjusted t o  contain mainly Ir(II1)  and 

R h ( I I 1 )  i s  presented i n  Table 12. I n  the absorption s t ep ,  a l l  of 

t he  prlmary PGM [ P t ( I T ) ,  P d ( I I ) l  8s well a s  R u ( I I 1 )  and R h ( I I 1 )  

a r e  quan t l t a t lve ly  absorbed on the XAD-7 colunn. whereas 72.42 of 

t h e  Ir(I1I)  passes through the colunn. Washing w i t h  1 M H C 1  

r e t a i n s  a l l  the absorbed PGM thiocyanate complexes on the polymer. 

Deprotonatlon of the weak C1-H. . .@&-OR bond by water e l u t e s  t h e  

weakly held [Rh(SCN)6]3- and [Ir(SCN)6]3- by water. The water 

e lua t e  conta ins ,  t he re fo re ,  only I r ( I I 1 )  and R h ( I 3 I ) .  Thus ,  an 

e f f e c t i v e  pur i f lca t lon  of these two elements frcm the  primary PGM 

( P d ,  P t )  end the v o l s t l l e  secondary PGM ( R u ,  0s) is  achieved. 

Regeneration of the polymer I s  affected by an oxidative llgend 

exchange on the polymer, converting the [M(SCN)4]”-4 (n=metal I o n  

charge) t o  [ M C l 4 I w 4  complexes which a r e  not h e l d  up b y  t h e  

res in  . 7 
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134 WARSHAWSKY 

-5. Conclusions 

The separation concepts presented i n  the introduction t o  t h i s  

paper have been tes ted  experimentelly and were found va l id .  T h i s  

allows an extension of the previously described process f o r  the 

separation of primery PGM ( P d , P t )  t o  the separation of secondary 

PGM (Rh,Jr,Ru,Cs). This mey be done d i r e c t l y  on the thiouree 

e lua t e  of tbe Ponivex ion exchange resin , by controlled 

d i s t i l l a t i o n  and separation of Ru/Os ( s e e  Table 121, followed by  

oxidative-hydrolysis. conversion to t h e  thiocyanate canplexes and 

separation on Amberlite XAD-7 of the residual Pd ,Pt  from Rh,Ir 

(Table 12). followed by ex t rac t ion  of [Rh(SCN)613- w i t h  

[Alanine-3?6l*HSCN, leaving [Ir(SC#l6 13- i n  the aqueous stream 

(Table 10). 

3 

P l t e r n s t i v t l y ,  a concentrate can be produced by precipation 

w i t h  Na2S, and t h i s  concentrate can be separated by  t he  sane 

sequence of reac t ions .  Fran the pure separated thiocyanate 

canplexes of  the individual secondary PCH metals,  i t  is  possible 

t o  obtain ( see  Experimental sec t ion)  by p rec ip i t a t ion  w i t h  Na2S, 

t h e  pure su l f ides .  Conventional roasting and ca lc ina t ion  w i l l  

lead to  meta l l ic  products. 

9. Experimental 

P rec ip i t a t ion  by Sodium J u l p h i d e  (Table 1 ) .  

The following procedure was found t o  be e f f e c t i v e  fo r  a l l  the 

or ig ina l  so lu t ions  r e su l t i ng  frcm liquid-liquid ex t rac t ion ;  

whether the or ig ine l  so lu t ions  were synthe t ic  or from matte-leach 

residues,  
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RARE PLATINUM GROUP ELEMENTS 135 

The pH v a l u e  o f  t h e  s o l u t i o n s  was a d j u s t e d  t o  2.0 by t h e  

a d d i t i o n  of s o d i u n  hydrox ide ,  and sod iun  s u l p h l d e  wes t h e n  added 

u n t i l  t h e  pH v a l u e  was 10.0. The s o l u t i o n  was b o i l e d  for t h r e e  

h o u r s ,  a f t e r  which t h e  pH v e l u e  was a g a i n  a d j u s t e d  t o  2.0 ( t h i s  

produced more p r e c i  p i  t s te )  . The s o l u t i o n  was t h e n  f i l t e r e d  . 
The c o n c e n t r a t i o n  of t h e  m e t a l s  a f t e r  p r e c i p i t a t i o n  I s  g i v e n  

i n  T a b l e  1. The p r e c i p i t a t e  was d i s s o l v e d  i n  one  of two ways: 

w a t e r  was added to t h e  p r e c i p i t a t e  and c h l o r i n e  g a s  passed th rough  

t h e  s l u r r y  w h i l e  s t i r r i n g  r a p i d l y ,  o r  a c i d  bias added end c h l o r i n e  

bubbled th rough  a t  PO-85OC f o r  one hour .  A t y p i c a l  s o l u t i o n  

resulting fran t h e  d i s s o l u t i o n  of t h e  p r e c i p i t a t e  i n  6 M 

h y d r o c h l o r i c  e c i d  had t h e  f o l l o w i n g  a n a l y s i s  ( i n  p.p.m.1 

P t :  401; Pd: 10.3; Rh: 598; It-: 78.3; Ru: 330 

P r e c i p i t a t i o n  b~ Hydraz ine  

F i v e  l i t e r s  o f  a n  aqueous  s o l u t i o n  frm t h e  PCM p i l o t  p l a n t  

( a n a l y s i s :  Rh: 34.7; Ir: 32: Ru: 39.5 p.p.m.1 was t r e a t e d  a s  

follows: 

The pH v a l u e  was a d j u s t e d  to  7.0 by t h e  a d d i t i o n  of s o d i u n  

hydrox ide .  5 m l  of h y d r e z i n e  h y d r a t e  were added t o  t h e  s o l u t i o n  

a t  a t e m p e r a t u r e  of 70°' After s t a n d i n g  for a few m i n u t e s ,  e 

b l a c k  p r e c i p i t a t e  was formed which s e t t l e d  r a p i d l y  and was removed 

by f i l t r a t i o n .  The a n a l y s i s  o f  t h e  f i l t r a t e  was as follows: 

P t :  6.1: Pd: C0.5; Rh: 1.1; Ir: 21 

100 m l  w a t e r  was added to t h e  p r e c i p i t a t e  and c h l o r i n e  gas  was 

passed  th rough  t h e  s o l u t i o n  for 15 m i n u t e s  a t  7OoC. The a n a l y s i s  

of t h e  s o l u t i o n  was a s  follows: Rh: 1450; Ir:  970; Ru: 762 p.p.m. 
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136 WARSHAWSKY 

D i s t i l l a t i o n  of Rm4 and Os04 

( A )  f r o m  thiourea so lu t ion ,  pH 3-6 (Table 2A). 
- - 

The E M  so lu t ion  was t rea ted  w i t h  excess thiourea a t  100°C f o r  

30 minutes, the pH value was adjusted to  12.0 by the  addition of 

sodiun hydroxide. The so lu t ion  was boiled f o r  15 minutes, and the 

p r e c i p i t a t e  f i l t e r e d ,  s lu r r i ed  i n  water and dissolved w i t h  t he  aid 

of ch lor ine  gas. The oxides were collected i n  12F! H C l .  

(El from pH 1.2 (Table 2E). 

I n  t h i s  case,  the  solution was adjusted to  pH 1.5 and Os04 was 

d i s t i l l e d  off s e l ec t ive ly .  The bes t  conditions for  separation of 

t h e  two oxides a r e  d i s t i l l a t i o n  of Os04 f ran  0.1-0.5M H C 1 ,  

containing 1-5C thiourea. Adjustment of  the pH t o  12 or 13, and 

d i s t i l l a t i o n  of Ru04. 

( C )  D i s t i l l e t i o n  of RIK~: from a s u l f i d e  concentrate (Table 2 ) .  

The s u l f i d e  concentrate (50 g) was dissolved i n  1M 

hydrochloric acid and chlorine was passed through a t  80-85'C f o r  

30 minutes .  The pH value was adjusted to  8.0 and en Ingold type 

405 single- jacket g l a s s  e lec t rode ,  introduced fo r  pH monitoring. 

After t h e  appearance of a yellowish p rec ip i t a t e ,  ch lor ine  gas was 

introduced a t  85OC and the pH value slowly dropped t o  2.5. The 

purged gas was passed through a scrubbing so lu t ion  (conc. H C l ) .  

The cha rac t e r i s t i c  deep red colour of Ru (IV) developed i n  the 

scrubbing so lu t ion  within a few m i n u t e s .  After 120 minutes t h e  pH 

was adjusted to  8 and ch lor ine  introduced a t  80°C f o r  8 hours. 

The pH value was 3.5 a t  t he  end of the experiment. The 

p r e c i p i t a t e  behaves i n  a revers ib le  manner, d i sso lves  a t  pH 2.0 

and r ep rec ip i t a t e s  a t  pH 8.0. 
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RARE PLATINUM GROUP ELEMENTS 137 

Prec ip i t a t ion  f g-Z2 find RuS2 - 
The d i s t i l l a t e s  from the experiment described i n  Table 2 were 

t rea ted  w i t h  Naps, and the p r e c i p i t s t e  co l l ec t ed ,  washed, dried 

and analyzed. The overa l l  p u r i t y  o f  OSS2 is 99.88Z. The 

impur i t ies  ( i n  p.p.m.) are:  Rt-: 591, Pd:  033, Ru: 0.5, P t :  0.41 

The overa l l  p u r i t y  o f  RuS2 is 99.65%: the  impur i t ies  a re :  

Rh: 158, P t :  767, Pd: 53 p.p.m. 

Countercurrent separation of iridium e n d  ruttenium. 

Concentrated organic feed was prepared (5 percent 

Almine-336 HC1 i n  Solvesso-150) containing Ir: 9.000: Au: 25 

p.p.rn. The aqueous s t rean  - 4 M hydrochloric ac id .  The tw 

phases were contacted i n  a s e r i e s  of th ree  60 m l  cy l indr ica l  

separating funnels,  w i t h  high speed s t i r r i n g  for 10 ninutes.  The 

organic feed was introduced in c e l l  no. 1 ,  and withdram i n  c e l l  

no. 3. The aqueous stream introduced i n  c e l l  no, 1 ,  and withdrawn 

i n  c e l l  no. 3. The m e t a l  concentration a t  equi l ibr iun  is given 

below ( i n  p.p.m.1. (A-1 s tands  fo r  aqueous phase c e l l  no. 1 ,  0-1 

for organic phase 1 ,  e t c )  . 

Cell no. 

A1 01 A2 O 2  A3  O3 Metal 

Ir 2 50 P 500 352 8 500 124.5 a 500 

Ru 6 , b  3.7 15.0 3 ,o  5.6 0.7 
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138 WARSHAWSKY 

- The formation f thiocyanate complexes 2 chloride so lu t ions  g &I 

- 7 .$ 

Solutions (100 p.p.m.1 of the ch lor ide  canplexes of  P t  (IV), 

Pd (11). Rh (1111, Ru (IV), Ir(IV), Ir (111) and 0s (IV), were 

adjusted t o  a pk! value of 3.C. S o d i u n  thiocyanate was added so 

that. i t s  concentration was 5 g / l i t  and the progress of  the 

reac t ions  was followed a t  2@OC and 94O, by a Hitachl-PerkiwElmer 

Coleman 124 double-bean spectrophotometer. 

A t  roan temperature, platinun and palladiun thiocyanates form 

rapidly.  The rhodiun canplex form very slowly ( the  conversion is 

only 20 percent a f t e r  72 hours).  O s n i u n  does not form a canplex 

a t  t h i s  temperature, and i r id iun  is d i f f i c u l t  t o  follow s ince  the  

U.V. bands of  [Ir(SCN)613-, a r e  masked by t h e  absorption bands of 

SCN-. Rutheniun undergoes f a s t  hydrolysis reac t ions .  

A t  94OC, p la t inun ,  palladiun, rhodiun and even omiun form 

canplexes f a i r l y  rap id ly ,  5 hours a r e  required for  canplete 

formation of t h e  omlun canplex. Rutheniun and i r id iun  probably 

form t h e i r  canplexes f a i r l y  quickly,  b u t  t h i s  is  herd t o  

determ I ne . 
Absorption of PGM thiocyanetes 2 Arnberlite XAD-7 (Table 11 ) . 

The PGM . thiocyanate canplexes a r e  passed through colunns 

containing 20 m l  of XAD-7 a t  a flow r a t e  of 1 m l / m i n ,  using atomic 

absorption ana lys i s  t o  monitor concentration i n  the e f f luen t .  

Although no attempt was made t o  reach mnximun loading of the 

colunns, i t  is obvious t h a t  Pd (111, P t  (111, Au (111) and Ru(II1) 

a r e  much more strongly absorbed than Ah (111) and Ir (111) ( see  
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RARE PLATINUM GROUP ELEMENTS 139 

a l so  Table 12). In t h e  e lu t ion  experiments, Ir (111) and Rh (111) 

a r e  readi ly  eluted with cold water, while P t  (11) is e lu ted  w i t h  

water a t  8OoC ( o r  w i t h  0.22 thiourea a t  2OoC). Pd (11) and 

Au (111) a re  eluted w i t h  0.21. thiourea. Ru(II1) is bes t  eluted 

w i t h  water a f t e r  conversion of t h e  thlocyanate canplex t o  the 

chloride canplex by  C12. 

Absorption f thiocyanate complexes on XAD-7 (Table 12). 

( A )  500 ml of a so lu t ion  containing the PGM ch lor ide  canplexes in 

t h e  following concentrations (mg/ l i t ) :  P t :  12, Fd: 1.7, Rh: 56.6, 

Ru: 29.4 and I r :  7.5 p.p.m., was adjusted to  pH=2 and boiled f o r  2 

h o u r s  w i t h  5g NaSCN. The so lu t ion  was passed though 150 r l  XAD-7 

preequilibrated w i t h  HC1.  The metal concentration in the f i l t r a t e  

was: P t .  Pd ,  Rh, Ru l e s s  then 1 p.p.m.; Ir - 7.1 p.p.m. 

(E) In a second experiment, t he  same so lu t ion  (2000 m l )  was 

adjusted to  the following concentrations: Rh and I r ,  500 p.p.m.; 

P t ,  Pd, Ru, a s  above. Then t rea ted  a t  pH=2 w i t h  25 g NaSCN a t  

7OoC f o r  3 hours and then passed through 300 m l  of  XAD-7 

preequilibrated w i t h  HC1. Again. a l l  the P t ,  Pd, Rh, and Ru was 

absorbed. The colunn was then washed w i t h  1 M H C 1  which released 

only the  entrained i r i d i u n  s a l t .  Elution w i t h  water recovered 

both Rh and Ir. F ina l ly ,  treatment w i t h  ch lor ine  water, released 

the  r e s t  o f  Rh and Ru (see Table 12). 

Counter-current separation of i r i d i u m ,  rhodium and ruthenium. 

( A )  A so lu t ion  containing (mg/ l i t )  I r :  220, Rh: 1563, Ru: 159 and 

2M NaSCN was kept a t  7OoC f o r  4 hours to  ad jus t  the  metal forms to  

the  thiocyanate canplexes. The feed so lu t ion  was contacted with 
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140 WARSHAWSKY 

52 Almine-336 i n  solvesso-150 i n  a few stages:  

Funnel nunber 1: 5 ml of 55 Alanine-336 end 2% isodecanol i n  

so 1 vesso- 1 50. 

Funnel nunber 2: 5 m l  of feed so lu t ion  In 0.2 M NaCNS, pHn2. 

Funnel nunber 4 :  5ml of 0.2M NaCNS i n  2M HC1. The added acid 

caused thlocyanote decanposition and crude 

formation. For r e s u l t s  see  Table 9.  

(El A so lu t ion  containing (mg/ l i t )  I r :  216 and Rh: 368 p.p.m. a s  

thiocyanate canplexes, previously pessed through an XAD-7 colunn 

served as feed so lu t ion ,  was r u n  aga ins t  5% Almine-336 i n  e igh t  

s t ages  a s  fOllOU3: 

Funnel nunber 1: 5 m l  of 5 %  Almine-336 and 2% isodecanol In 

solvesso-150. 

Funnel nunber 5: 5 ml of feed so lu t ion  i n  10 g NaCNS per 

l i t r e ,  pHr7. 

Funnel nunber 8: 5 ml of 0.2 H NaCNS i n  H20. 

I n  t h i s  experiment, c l e a r  phase separation was observed. For 

r e s u l t s  see  Table 10. 

P rec ip i t a t ion  of IrS2 and R h S 2  - - 
The separated [Ir(SCN)613- and [Rh(SCN)613- described i n  Table 

10, were t rea ted  w i t h  excess Na?. IrS2 was prec ip i ta ted  d i r e c t l y  

i n  the 0.2 M NaSCN so lu t ion ,  while [Rh(SCN)613- was f i r s t  str ipped 

frcm the organic phase w i t h  0.1 M NaOH and t h e n  prec ip i ta ted  w i t h  

Na2S. The spectrographlc p u r i t i e s  of  those products are:  

IrS2: contains (p.p.m.1 P t :  40, Pd: 91, Ru: 82 Rh: 0.44, 

pur i ty :  99.972. 
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RhS2: conteins (p.p.m.) P t :  72, Pd: 83, Ru: 70 and Ir: 0.13, 

purity:  99.98%. 
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